Ultrasonography-guided percutaneous drainage is an effective and safe procedure to treat abdominal fluid collections. However, bleeding complications can sometimes occur. Ultrasonography can document the presence of hematomas, but it cannot detect whether the bleeding is still ongoing. Contrast-enhanced ultrasonography has been reported to enable the detection of active extravasation and is increasingly used when active abdominal bleeding is suspected. In this case report, contrast-enhanced ultrasonography played a key role not only in the depiction of active bleeding following the percutaneous drainage of a tuboovarian abscess, but also in the real-time demonstration of the spontaneous stop of the bleeding, suggesting that it can play at least an intermediate role between ultrasonography and contrast-enhanced computed tomography.
Introduction
Diverticulitis is one of the most frequent abdominal emergencies and may result in perforation secondary to severe inflammation of the bowel with phlegmon and abscess formation. Sigmoid diverticulitis with perforation may occasionally involve the female genital tract and can result in tubo-ovarian abscess [1] . Contrast-enhanced computed tomography (CECT) is the mainstay imaging technique for the diagnosis of diverticulitis and its complications. However, ultrasonography (US) used as a first examination can provide useful information, allowing to detect thickened and hypoechoic bowel walls, adjacent edema, and thickening of the mesentery. Moreover, it can be used to guide percutaneous drainage of the abscess collections [1] . Recently, contrast-enhanced US (CEUS) has been reported to improve the US assessment of the bowel pathology, enabling to better evaluate and quantify the presence of bowel inflammation and its complications [2] , as well as to guide more reliably and safely the percutaneous treatment [3] . However, abscess drainage carries an inherent risk of bleeding complications also with CEUS guidance, even though they are often self-limited and can usually be managed conservatively [3] . We report a case in which CEUS played a key role in both detecting active bleeding following CEUS-guided drainage of a tubo-ovarian abscess, and documenting its self-limited course.
Case Presentation
A 52-year-old woman was admitted to our emergency department because of fever and pelvic pain. Laboratory tests showed neutrophilic leukocytosis (22.64 × 10 3 μl) and increased PCR (34.55 mg/dl). The patient underwent triplephase abdomen and pelvis CT (unenhanced, arterial, and portal-venous phases) that showed sigmoid diverticula with edema and thickening of the sigmoid wall, and two air-fluid collections with enhancing wall above the left and right side of the broad ligament of the uterus, strongly suggestive of tuboovarian abscesses ( Fig. 1 ). Empiric broad spectrum antibiotic coverage was started, and the patient was referred to our Section of Interventional Ultrasound for US-guided percutaneous drainage of the abscesses. US showed two fluid collections in the right and left side of the pelvic roof, and CEUS documented intense contrast enhancement of the walls of the collections. An intravenous bolus of 2.4 ml of an 8 μl/ml solution of . The collections were drained by one-step US-guided aspiration by using 18-gauge Chiba needles. Ten and 8 ml of pus mixed with air were obtained from the right and left collections, respectively, and no residual fluid and air were observed in both of them immediately after the procedure. However, a few minutes later, control US performed before discharging the patient from the operating room gave the impression of a rapid recurrence of the right collection, suggestive of procedure-related bleeding. CEUS was immediately performed and documented extravasation of the US contrast medium within the collection, confirming active bleeding ( Figs. 2  and 3 ). After about 5 min, the residual extravasated microbubbles were destroyed by repeated high mechanical index pulses (MI 1.0), and CEUS was carried out again. No microbubble extravasation was observed, and the stop of the bleeding was inferred, probably because of spontaneous tamponade ( Fig. 4 ). Both patient's clinical condition and hemoglobin remained stable, and CECT performed 2 h later confirmed the self-limited bleeding.
Pus culture revealed the presence of extended-spectrum beta-lactamase-producing Escherichia coli and Candida albicans. Antibiotic therapy was adjusted accordingly, and antifungal therapy was started. The patient was discharged 2 days later in good clinical condition and gave her consent to publish this clinical case.
Discussion
A tubo-ovarian abscess reflects an agglutination of pelvic organs including the tube, ovary, and bowel, representing an end-stage process of acute pelvic inflammatory disease. However, it may also develop because of perforated diverticulitis or appendicitis [1] . CECT is worldwide considered the imaging technique of choice to evaluate patients with both suspected diverticulitis and related complications, with a success rate of over 85% in the detection of free air [1] . US can also be useful in the diagnostic workup of diverticulitis, with a sensitivity of 77-98% and a specificity of 80-90% [1] . CEUS is increasingly recommended as a reliable additional tool when differentiation on grayscale US is challenging, for instance in the differential diagnosis between phlegmon and abscess [2] . Moreover, when the abdominal collections can be confidently depicted, US and CEUS are considered the imaging techniques of choice to guide their percutaneous drainage, enabling both the detection of septations and loculations, and the real-time monitoring of the needle advancement [2] [3] [4] . Complications of percutaneous drainage, such as bleeding and perforation, occur in 5% of cases [3] . US can document the presence of hematomas, but it cannot detect whether the bleeding is still ongoing, and CECT is the first-choice imaging technique to detect active bleeding. However, CEUS has been reported to enable the detection of perfusion changes and extravasation of blood [5] , and it is increasingly used when active abdominal bleeding is suspected, in particular in a trauma setting [6, 7] . Furthermore, some reports suggested that CEUS could also represent an interesting tool in the detection of active bleeding outside the abdominal cavity [8] [9] [10] , and the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines suggested that CEUS may detect an ongoing hemorrhage and is useful in monitoring all stages of post-procedure bleeding [11, 12] . However, to our knowledge, CEUS has never been reported to enable not only the depiction of a bleeding but also the real-time demonstration of the spontaneous stop of the bleeding, as shown in this case in which CEUS played a key role in both settings.
According to prior reports suggesting that CEUS can play an at least intermediate role between US and CECT [10, 13] , in our opinion CEUS should always be performed immediately after US-guided interventional procedures when a iatrogenic bleeding is suspected, reserving CECT to the cases with inconclusive CEUS findings or when the patient shows deterioration of the clinical condition. 
